Copulas have emerged as a practical method for multivariate modeling. A limited amount of work has been conducted regarding the application of copula-based modeling in context analysis. This study generalizes the Cook-Johnson copula under the appropriate weighted function and provides examples and the properties of the generalized Cook-Johnson copula. Results show that the generalized Cook-Johnson copula is suitable for probable modeling of hot spring eruption.
Introduction
Research has shown that it is important to consider dependence among variables in studies as opposed to ignoring the dependence structure solely for mathematical simplicity. As De Michele, et al. (2005) showed, among other consequences, failure to take dependence between variables into account may lead to either over-and under-estimation of the parameters of a model. Copulas have emerged as a practical and efficient method for multivariate event analysis (Joe, 1997; Nelsen, 2006) . Application of copulas has increased in the hydrological field as evidenced by Genest and Favre (2007) , Gebremichael and Krajewski (2007) and others in a special issue of the Journal of Hydrological Engineering. An advantage of using copulas is that marginal behaviors and dependence structure can be studied separately. Most copula applications are in bivariate analysis, for example, De Michele and Salvadori (2003; 2004 a, b) modeling to examine the dependence between storm intensity and duration. In addition, Zhang and Singh (2007) and Kao and Govindaraju (2007) modeled the dependence between peak storm intensity and depth, depth and duration and peak intensity and duration.
One of the most popular parametric families of copulas is the Cook-Johnson (1981) copula family, defined by
Inverting this copula results in the joint function:
where X and Y are identical type I Pareto
, respectively (Genest & Rivest, 1993) .
This study extends the copula family of Cook-Johnson by considering a weighted function and examines values of dependence. In addition, the new family is described and examples of copulas taken in this family are (Patil & Rao, 1978; Mahfoud & Patil, 1982) . 
Under the weight function 
This relation may be called the weighted CookJohnson Copula. The copula density is given by:
( 1 ) (1 ) 1 .
(1 ) (1 ) 1 Figure 1 illustrates the bivariate plots for the extended Cook-Johnson copula; the figure shows a surface bounded within a unit cube that is tied up along the two axes in the first quadrant. After placing different β 's and α 's, the graph of a generalized copula in terms of different β 's and α 's did not change. 
.
The generalized copula can be used to make bivariate distributions. 
Tail Dependence
The concept of tail dependence relates to the amount of dependence in the upper-right quadrant tail or lower-left-quadrant tail of a bivariate distribution (Farlie, 1960) . It is a concept that is relevant for the study of dependence between extreme values. Tail dependence between two continuous random variables X and Y is a copula property, hence, the amount of tail dependence is invariant under strictly increasing transformations of X and Y. . This measure is used extensively in extreme value theory; it is the probability that one variable is extreme given that the other is extreme, that is,
Thus U L may be viewed as a quantile dependent measure of dependence (Coles, Currie & Tawn, 1999) .
Definition 2
The concept of lower tail dependence can be defined in a similar way. 
Application of Weighted Cook-Johnson Copula
There is a need for information in the analysis and management of risk for hot spring eruption, the most important of which are the frequency of time between two eruptions and the distance of eruptions. Data used in this study was collected in Yellowstone National Park in 1978 (Weisberg, 1985 . Considering the high correlation of these two features, some tools must be used to determine the amount of relationship and impact that exists in the analysis of hot spring eruption; it is necessary to determine the joint distribution of the two features, time interval between two eruptions and distance of an eruption. Because the correlation between the two factors is 0.841 and the hypothesis of independence is not significant, the joint distribution of time interval between two eruptions and distance of an eruption is difficult to obtain via an estimate of marginal distribution. For this reason it is necessary to estimate the marginal distribution of each of the two factors, time interval between two eruptions and distance of an eruption, and between the family of functions selected, the family having the conditions for modeling hot spring eruption.
In most studies in hydrology and geology, exponential, gamma and Weibull distributions are fitted to data so they are used herein and, for data of time interval between two eruptions, the exponential distribution with the parameter 464152 . 
Using the distribution of an eruption, important information can be obtained regarding the eruption of hot spring s , for example, the probability of an eruption of a hot spring with a time of 3.5 hours between two eruptions and a distance of one eruption of 42 meters is 0.0053. Using the copula function and a marginal distribution allows probabilities and other information about eruptions of hot spring and the relationship between the time intervals and distances of eruption to be obtained. Conditional distribution can also be determined by copula to provide a basis for the probabilities of altering factors against controlled changes. This may be useful in understanding and managing the impacts of global warming on hot spring eruptions.
Conclusion
This article proposed a new family of copulas; the generalizing Cook-Johnson family generated by weighted distribution function, and obtained a generalized d-dimensional (multivariate) Cook-Johnson Copula. The bivariate weighted distributions and weighted marginal distribution were also generated, and the generalized bivariate distribution was obtained. The main feature of this family of copulas is to permit modeling of variables with high dependence. Moreover, it was shown that the generalizing Cook-Johnson Copula is a proper model for analyzing the problem of eruption of a hot spring. Bivariate distributions and copula functions for two parameters were analyzed. By using research methodology and the multivariate generalizing Cook-Johnson copula function, the issue of probable modeling of hot spring eruption with more variables can be studied.
